There is diverse, yet controversial fossil evidence for the existence of photosynthesis 3500 million years ago. Among the most persuasive evidence is the stromatolites described from low grade metasedimentary rocks in Western Australia and South Africa. Based on the understanding of the paleobiology of stromatolites and using pertinent fossil and Recent analogs, these Early Archean stromatolites suggest that phototrophs evolved by 3500 million years ago. The evidence allows further interpretation that cyanobacteria were involved. Besides stromatolites, microbial and chemical fossils are also known from the same rock units. Some microfossils morphologically resemble cyanobacteria and thus complement the adduced cyanobacterial involvement in stromatolite construction. If cyanobacteria had evolved by 3500 million years ago, this would indicate that nearly all prokaryotic phyla had already evolved and that prokaryotes diversified rapidly on the early Earth.
Introduction
The pre-Phanerozoic (Precambrian) refers to geological time from the oldest terrestrial rocks known, 3960 million years ago, to the first records of diverse skeletal animals from the base of the Cambrian, about 540 million years ago. This immense span of geological time, some 3420 million years, is divided into two eons, the Archean (from 3960 to 2500 million years ago) and the Proterozoic (from 2500 to about 540 million years ago). The pre-Phanerozoic has a fossil record that is very distinct from that of the Phanerozoic. The biosphere was microbial. Prokaryotic phototrophs, including cyanobacteria, go back 3500 million years ago. Microbial prokaryotes dominated the first 70% of pre-Phanerozoic time while prokaryotes and microbial eukaryotes dominated the remaining 30%. There were no plants; however, photosynthetic organisms represented by macroscopic algae are known from rocks as old as 1400-1500 million years (Peat et al. 1978 ); yet, they are relatively rare in the fossil record. Microbial eukaryotes start to become abundant in the fossil record about 1000 million years ago. Animal fossils are found in only the youngest portion of the pre-Phanerozoic, the Vendian (from about 680 to 540 million years ago), and they consist of centimeter-size, soft-bodied animals (the so-called Ediacaran fauna) and relatively uncomplicated trace fossils produced by animals (Glaessner 1984) . Animals diversified very rapidly in the latest pre-Phanerozoic and in the earliest Cambrian (Valentine et al. 1991) .
The bulk of pre-Phanerozoic fossils falls into three categories: (1) microbial fossils, (2) stromatolites and (3) chemical fossils. Chemical fossils in the broad sense refer to chemical evidence for past life and include organic compounds and biologically fractionated stable isotopes, in particular, carbon. Stromatolites are macroscopic biosedimentary constructions, often in laminated domical to columnar shapes, pro-duced by the sediment trapping, binding, and/or precipitation activity of microorganisms. Photosynthetic microbes, in particular cyanobacteria, are integral to stromatolite construction. Microbial fossils refer to the remains of microscopic organisms preserved in rock. There are two broad informal categories of microfossils that are often defined by (1) the manner in which they are prepared for study-acritarchs, and (2) the rock that preserves the microfossils-chert microfossils. Chert microfossils are microbial fossils that are studied in petrographic thin sections of chert. Chert is a chemical sedimentary rock composed of microcrystals of silica. Typically, these fossils are viewed as they were three dimensionally permineralized by silica entombing them in the rock. Most chert microfossils are preserved in stromatolites and interpreted to be the remains of cyanobacteria (viz. Schopf 1968). Acritarchs are organic walled microfossils that are freed from the host sedimentary rock by dissolving the rock matrix using acids. Fine-grained, clastic sedimentary rocks, such as shale and mudstone, are the rocks of choice. The organisms that typify acritarchs had durable walls that survived the processes of fossilization and also attack by acid in the laboratory. They are often interpreted to represent cysts-forming phytoplanktonic algae (Vidal 1984) .
Pre-Phanerozoic paleontology
The overall record of life in pre-Phanerozoic rocks has bearing on the interpretation of the oldest records of life from the early Archean. It provides experience in working with and understanding the nature of the fossil record before large, multicellular organisms appeared. Studies on well preserved, compelling Proterozoic microfossils (e.g., the ca. 2000 million-year-old Gunflint Iron Formation, Barghoorn and Tyler 1965, and the ca. 800 million-year-old Bitter Springs Formation, Schopf 1968) have furnished standards with which to evaluate putative microfossils, in particular those from the Archean (Cloud and Morrison 1979, Schopf and Walter 1983) . These studies provide a guide for distinguishing fossil material from abiogenic fea-tures and examples of textural relationships indicating that the microfossils are of the same age as the sediment that made up the rock. Unfortunately, the success of these studies have also provided biases in searching for and interpreting pre-Phanerozoic fossils. Often, microbial fossils found in silicified stromatolites are interpreted as cyanobacteria because of their presence in stromatolites (e.g., Awramik and Semikhatov 1978) . Rarely are lithologies other than chert, shale and mudstone collected and analyzed for microbial fossil content. Metamorphosed sedimentary rocks can also preserve microbial fossils (e.g., Kidder and Awramik 1990).
Stromatolites are commonly recognized by the total geometry of the structure. Laminated domes and columns, centimeters to decimeters in size, convex away from the site of initiation, are the most easily recognized shapes. Debate with regard to the definition of a stromatolite is semantic stemming, in part, from various translations and interpretations of Kalkowsky (1908) who introduced the term (see Hofmann 1969a , Semikhatov et al. 1979 , Krumbein 1983 . Biogenic versus abiogenic, laminated versus unlaminated, domical versus flat are questions discussed in those papers. Most stromatolite researchers follow, in a slightly modified form, the definition of Awramik and Margulis (in Walter 1976b, p 1): 'organosedimentary structures produced by the sediment trapping, binding, and/or precipitation activity of microorganisms, principally [cyanobacteria] .' Therefore, by this definition, a stromatolite is a biogenic feature produced by microbes.
If some of the earliest microfossils were cyanobacteria preserved in a fossilized microbial mat (which is the interpretation in this paper), then, based on modern analogs (see Cohen and Rosenberg, Editors 1989), the microbial mat environment must have been metabolically diverse with anaerobes and aerobes. Repeatedly through the microfossil record in stromatolites, cyanobacteria are often the only type of microfossil found. One curious aspect of the pre-Phanerozoic fossil record is the predominance of remains that indicate photosynthesis: fossilized cyanobacteria and algae, stromatolites and the chemical fossils found. Why other groups of organisms posses-
